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COMPREHENSIVE RADIOLOGICAL SURVEY

OFF-SITE PROPERTY N..NORTll

NIAGARA FA.LLS STORAGE SITE
LEI.IISTON, NEl'l YORK

INTRODUCTION

Beginn ing  in  L944,  the  Manhat tan  Eng ineer  D is t r i c t  and i t s  successot '

the  Atomic  Energy  Commiss ion  (AEC) ,  used por t ions  o f  the  Lake on tar io

Ordnance Works  (p resent ly  re fe r red  to  as  the  N iagara  Fa l l s  S torage S i te

(UFSS)  and o f f -s i te  p roper t ies ) ,  approx i rna te ly  3  km nor theas t  o f  Lewis ton '

New York ,  fo r  s to rage o f  rad ioac t ive  wastes .  These l tas !es  were  pr imar i l y

res idues  f rom uran ium process ing  oPera t ions ;  however ,  they  a lso  inc luded:

contaE ina ted  rubb le  and scraP f rom decommiss ion ing  ac t iv i t ies '  b io log ica l

aud misce l laneous wastes  f rom the  Un ivers i ty  o f  Rochester ,  and low- leve l

f ission-product 1tasEe from contaoinated-l iquid evaPoratots at the Knol ls

Atomic Power Laboratory (KAPL). Receipt of  radioact ive \ taste \ tas

d iscout inued in  1954,  aud,  fo l low ing  c leanup ac t iv i t ies  by  Eooker  ChemicaL

Co. ,  525 hec tares  o f  the  or ig ina l  612-hec tare  s i te  were  dec la red  surp lus '

This property \ras eventual ly sold by the General  Senrices Adninistrat ion to

var ious  Pr iva te ,  commerc ia l ,  and governmenta l  agenc ies ' l

Modern  Landf i l l ,  Inc . ,  i s  the  cur ren t  owner  o f  a  t rac t  f rom the  NFSS'

i d e a t i f i e d  a s  o f f - s i t e  p r o P e r t y  N ' - N o r t h  ( s e e  F i g u r e  1 ) '  A  r a d i o l o g i c a l

survey  o f  tha t  t tac t ,  conducted  Septennber -October  1983,  i s  the  sub jec t  o f

t h i s  r e p o r t .

SITE DESCRIPTION

Figure  2  Ls  a  p lo t  p lan  o f  o f f -s i te  ProPer ty  N ' -Nor th .  Th is  p roperEy,

bounded by  Track  s t ree t  and south  Track  s t ree t ,  occup ies  aPProx ina te ly

2 .6  hec tares .  An ouE-o f -senr ice  ra i l road Erack  passes  th rough the  center

o f  the  s i te .  A  dra inage d i tch ,  Por t ions  o f  wh ich  conta in  debr is  and

bu i ld ing  rubb le ,  para l le ls  the  t rack  on  Ehe nor th  s ide '  The ProPer ty  i s

present , Iy  unused and there  are  no  s t ruc tu res  on  the  s i te '  There  are

numerous  smal1  p i les  o f  bu i ld ing  rubb le ,  c rushed rock  and grave l '  and

misce l laneous meta l ,  rubber ,  and wood scraP.  L igh t  b rush  and smal l  t rees

covet  the  area .



R a d i o l o s i c a l  H i s t o r v

The N ' -Nor th  a rea  \ r ras  used dur ing  the  ear ly  1950 's  f  o r  tenPorary

s torage and c lass i f i ca t ion  o f  con tamioated  scrap  f rom d ismant led  MED/AEC

fac i l i t ies . l  Much o f  th is  na ter ia l  was  removed dur ing  the  1950 's1  however ,

the  L97L-72 AEC survey  ident i f ied  a  la rge  por t ion  o f  Ehe area  as  hav ing

e leva ted  d i rec t  rad ia t ion  leve ls .2  A l though add i t ionaL c leanup l tas

conducted  fo l low ing  the  AEC survey ,  a reas  exceed ing  20  uR/h  remained.  The

1980 ORNI nobi le scan conf irmed elevated radiat ion levels throughout the

proper ty  bounded by  Track  St ree t  and South  Track  St , ree t .

SURVEY PROCEDURES

The comprehensive survey of of f-s i te property N'-North was performed

by the  Rad io log ica l  S i te  Assessment  Program o f  Oak R idge Assoc ia ted

Univers i t ies  (Onqu) ,  dur ing  Septenber  aud October  1983.  The survey  was in

accordance w i th  a  p lan  da ted  March  18 ,  1983,  approved by  the  Depar tment  o f

Energy 's  0 f f i ce  o f  NucLear  Energy .  The ob jec t ive  and procedures  f rom tha t

pLan are  present ,ed  in  th is  sec t ion .

0b  i  ec t i ve

The object ive of the survey was to provide a comprehensive assessment

o f  the  rad io log ica l  cond i t ious  and assoc ia ted  po ten t ia l  hea l th  e f fec ts ,  i f

any ,  on  propet ty  N ' -Nor th .  Rad io log ica l  in fo rmat ion  co l lec ted  inc luded:

direct gamrna exposure rates and surface beta-gamma dose raLes'

loca t ions  o f  con taminated  sur face  areas ,  and

concent ra t ions  o f  rad ionuc l ides  in  sur face  and subsur face  so i l .

Procedures

I .  Brush and weeds nere  c leared  as  needed to  p rov ide  access  fo r

gr idding and surveying. This operat ion was performed by Modern

D i s p o s a l ,  I n c . ,  o f  M o d e l  C i t y ,  N Y ,  u n d e r  s u b c o n t r a c t .

1 .

2 .

3 .



3 .

2.  Under  subcont rac t ,  Mc ln tosh  and Mc ln tosh  o f  Lockpor t ,  NY,

e s t a b l i s h e d  a  l 0  n  g r i d  s y s t e m .  T h i s  g r i d  i s  s h o w n  o n  F i g u r e  3 .

Garnma exposure rate measurements were made at the surface and at

I  n  above the  sur f  ace  a t  10  rn  g r id  in tenra ls .  Measurements  \ re re

per fo rmed us ing  por tab le  ganma NaI (T l )  sc in t i l l a t ion  survey

meters .  Convers ion  o f  theSe measurements  to  exPosure  ra tes  in

mic roroentgens  per  hour  (UR/h)  I tas  in  accordance w i th  c ross

ca l ib ra t ion  w i th  a  Dressur ized  ion iza t ion  chamber .

Beta-ganma dose rate measurements were performed I  cm above the

sur face  a t  l0  n  g r id  in tenra ls .  These measurements  were  conducted

using thin-wiudow (<7 rng/cn2) G-M detectors and portable

sca le r / ra teneters .  Measuremeats  l te re  a lso  ob ta ined w i th  the

detec tor  sh ie lded to  eva lua te  cont r ibu t ions  o f  nonpenet ra t ing  be ta

and low-energy ganlna radiat ions. Meter readings were converted to

dose ra tes  in  mic rorads  pe t  hour  (u rad /h)  based on  c ross

cal ibrat ion with a thin-window ionizat ion chamber.

5 .  Sur face  (0 -15  cn)  so i l  samples  o f  approx imateLy  I  kg  each were

c o l l e c t e d  a t  l 0  n  g r i d  i n t e n r a l s .

6 .  Walkover  sur face  scans  were  conducted  a t  1 -2  n  iu tenra ls  over  the

proper ty .  Locat ions  o f  e levaEed contac t  rad ia t ion  1eve1s  l te re

noted

7 .  A t  se lec ted  loca t ions  o f  e leva ted  sur face  rad ia t ion  leve ls ,

beta-gamma dose rates at I  cm above the surface and exPosure rates

a t  I  n  above Ehe sur face  \ re re  a lso  measured.  Sur face  so i l  samples

were  ob ta ined f rom these loca t ions  and,  fo l low ing  sampl ing ,  the

surface exposure levels l tere remeasured to evaluate Ehe

ef fec t i veness  o f  sha l low sanp l ing  ou  remova l  o f  the  rad ia t ion

s o u r c e .

4.



x D e t e c t i o n  s c i e n c e s  G r o u p  o f  c a r r i s l e ,  l l A ,  p e r f o r m e d  g r o u n d -

penet ra t ing  radar  surveys  to  ident i f y  ev idence o f  subsur face

la rge ts  wh ich  n igh t  ind ica te  bur ied  waste .  Radar  scans  were  a lso

per fo rued a t  loca t ions  o f  p roposed subsur face  inves t iga t ions  to

ident i f y  the  presence o f  underground p ip ing  or  u t i l i t i es  wh ich

w o u l d  p r e c l u d e  b o r e h o l e  d r i l l i n g .

Boreho les  ldere  dr i l led  to  p rov ide  a  mechan ism fo r  logg ing

subsur face  d i rec t  rad ia t ion  pro f iLes  and co l lec t ing  subsur face

so i l  and water  samples .  BorehoLes were  dr i l led  by  s i te  Eng ineers ,

Inc . ,  o f  Cher ry  8 i11 ,  NJ ,  and Ear th  D imens ions ,  o f  Aurora ,  Ny ,

using truck mouuted 20 cn diameter hol low-stem augers. A total  of

f i f teen  boreho les  l te re  d r i l led ;  the  loca t ions  o f  these boreho les

are shown ou Figure 4.

A garona scan of the boreholes was performed to ident i fy elevated

rad ia t ion  leve ls ,  wh ich  wou ld  ind ica te  subsur face  res idues .

Radiat ion prof i les in the boreholes were determined by neasuring

ganma radiat ion at 15-30 cm intervals between t ,he surface and the

hoLe bo t tom.  A  co l l imated  ganma sc in t i l l a t ion  de t ,ec to r  and

por tab le  scaLer  were  used fo r  these measurenents .

soi l  samples of approximateJ.y I  kg each were col lected from

var ious  depths  in  the  ho les  by  scrap ing  the  s ides  o f  each boreho le

with an ORAU designed sanpl ing tool .  i {ater was ei ther not

encountered  in  these borehoLes or  l ras  p resent  as  a  resu l t  o f

sur face  water  in  the  area .  There  were  there fore  no  subsur face

w a t e r  s a m p l e s  c o l l e c t e d .

10 .  Twenty  so i l  samples  and seven \ ra te r  samples  were  coL lec ted  f rom

the Lewis ton  area  (bu t  no t  on  the  NFSS or  assoc ia ted  o f f -s i te

proper t ies )  to  p rov ide  base l ine  concent ra t ions  o f  rad ionuc l ides

for  compar ison  Purposes .  D i rec t  background rad ia t ion  leveLs  were

measured a t  loca t ions  where  base l ine  so i l  samples  were  co l lec ted .

The locat ions of the basel ine samples and background measurenent,s

are shown on Figure 5.

o



S a n p l e  A n a l v s i s  a n d  I n t e r p r e t a t i o n  o f  R e s u l t s

Soi l  samples were analyzed by ganna spectrolnetry.  Radiun-226 was the

rna jo r  rad ionuc l ide  o f  concern ,  a l though spec t ra  were  rev iewed fo r  V-235,

U-238, Cs-137 ,  Th-232, and other galtma erni t ters.

Addit ional information concerning analyt ical  equipment and procedures

is contained in Appendix A.

Resu l ts  o f  th is  survey  were  compared to  the  app l icab le  gu ide l ines  fo r

fo rmer ly  u t i l i zed  rad ioac t ive  mater ia ls  hand l ing  s i tes ,  wh ich  are  presented

in Appendix B.

RESULTS

Backsround Levels and Basel ine Concentrat ions

Background exposure rates and basel ine radionucl ide concentrat ions in

so i l ,  de tern ined fo r  20  loca t ions  ( f igure  5)  in  the  v ic in i ty  o f  the  NFSS'

are  presented  in  Tab le  1 -A.  Exposure  ra tes  ranged f rom 6 .8  to  8 .8  UR/h

( typ ica l  leve ls  fo r  th is  a rea  o f  New York) . Conceatrat ions of

rad ionuc l ides  in  so i l  l re re :  Ra-226,  <0 .09  to  L .22  p9 i /g  (p icocur ies  Per

g r a m ) ;  r J - 2 3 5 ,  < 0 . 1 4  t o  0 . 4 6  p C i / g ;  U - 2 3 8 ,  < 2 . 2 O  t o  6 . 2 6  p 9 i l e ;  T h - 2 3 2 ,

0 . 3 2  r o  1 . 1 8  p c i / g ;  a n d  C s - 1 3 7 ,  < 0 . 0 2  t o  1 . 0 5  p C i / g .  T h e s e  c o n c e n t r a t i o n s

are  typ ica l  o f  the  rad ionuc l ide  leve ls  normal ly  encountered  in  sur face

s o i l  s  .

Rad ioac t iv i t y  leve ls  in  base l ine  water  samples  are  presented  in

Tab le  l -8 .  The gross  a lpha and gross  be ta  concent ra t ions  ranged f ron  0 .55

r o  1 . 8 7  p c i / 1  ( p i c o c u r i e s  p e r  l i t e r )  a n d  ( 0 . 6 3  t o  1 4 . 3  p C i / 1 '  r e s p e c E i v e l y .

These are  typ ica l  o f  concent ra t ions  normal ly  occur r ing  in  sur face  water .
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D i r e c t  R a d i a t i o n  L e v e l s

D i r e c t  r a d i a t i o n  1 e v e 1 s ,  s y s t e m a t i c a l l y  m e a s u r e d  a t  1 0  n  g r i d

in tenra ls ,  a fe  p resented  in  Tab le  2 .  The ganma exPosure  ra tes  a t  I  m above

the  sur face  ranged f rom 6  to  23  uR/h  (average 11  UR/h) .  A t  sur face

contac t ,  the  ra tes  ranged f ron  6  to  27  un / i r  (average 1 l  UR/h) '  Be ta-gamma

dose ra tes  ranged f rom 6  to  220 Urad/h  (average 40  Urad/h)  '  Measurenents

performed with the detector shielded averaged approxinately 207" less than

those w i th  the  unsh ie lded de tec tor .  Th is  ind ica tes  on ly  a  smal l '  Por t ion  o f

the surface dose rate is due to nouPenettat ing beta or low-energy photon

rad ia t ions .  The h ighes t  exPosu le  ra tes  r te re  a t  g r id  loca t iou  l30N '  9608;

the  h ighes t  dose ra te  was a t  120N,  9408.  D i rec t  rad ia t ion  1eve ls  were

general l .y higher in the vic ini ty of the rai l road tracks and pi les of rock

b a l l a s t .

The walkover survey ident i f ied several  smal1 general  areas and

nut re rous  iso la ted  sPots  hav ing  e leva ted  sur face  rad ia t ion  leve ls  '  The i r

Locat ions  are  ind ica ted  on  F igure  6  and assoc ia ted  d i rec t  rad ia t ioo  leve ls

are presented in Table 3. The maximum contact exPosure rate l tas 520 UR/h

at  g r id  l coa t ion  28 t r l ,  7728.  The exposure  ra te  a t  1m above the  sur face  a t

th is  Locat ion  was 16  uR/h  aud the  sur face  dose ra te  was t0 '000 urad /h '  The

maximum surface dose late measured lras 5OrO0O prad/h at gr id coordinate

124N,  9538.  ELevated  areas  o f  d i rec t  rad ia t ion  were  pr inar i l y  loca ted

north of the rai l road tracks; many were in or adjacent to the drainage

d i tch .  A t  a  few o f  the  iso la ted  sPots ,  sampl ing  \ tas  e f fec t i ve  in  reduc ing

the  rad ia t ion  Leve ls .  In  o ther  loca t ions  the  leveLs  were  uuchanged or

increased as  a  resu l t  o f  sur face  sampl ing '

Tab le  4  l i s ts  the  concent ra t ions

so i l  f rom l0  n  g r id  in te rva ls  '

o f  rad ionuc l ides  measured in  sur face

These samPles contained Ra-226

concent ra t ions  rang ing  f rom <0.20  to  29 .9  pc i ' lg -  Seventy  Percent  o f  the

samples had Ra-226 levels above this basel ine range; aPproxinately L3"A

conta ined more  than 5p l i /e  above the  average base l ine  concent ra t ion '



These samPles  a lso  conta ined

h ighes t  concent ra t ions  l le re

Th-232,  2 .47  PCLI  e .

e l e v a t e d  l e v e l s  o f

U - 2 3  8 ,  L 2 5  P c L l  e ;

o the r  rad ionuc l i des  '  The

Cs-137  ,  4 ,4A  PC: - l e ;  and

samples  f rom loca t ions  o f  e leva ted  contac t  rad ia t ion  i 'eve ls  contarneo

Ra-226 concent ra t ions  rang ing  f rou  6 .45  to  4290 pCL/g  ( re fe r  to  Tabte  5)  '

The h ighes t  leve l  l ras  ob ta ined a t  g r id  loca t ion  132N,  950E '  Ten o f  the

samples were found to contain smal l  white chips, which were the source of

the Ra-226 act iv i ty.  These chips \ fere evaluated individual ly and their

c o n t e n t s ,  r a n g i n g  f r o m  0 . 1 3  t o  4 . 2 1  U C i '  a r e  p r e s e n t e d  i n  T a b l e  6 '  S o m e  o f

Ehese samples  a lso  conta ined e leva ted  U-238 leve ls '  For  example '  829 had a

u - 2 3 g  c o n c e n r r a r i o u  o f  9 4 3 0  p l i / g ;  8 2 8 ,  1 5 0 0  p c i i g ;  B 1 0 ,  3 6 5  p C i / g ;  a n d

822,  320 pCLtg .  Srna l l  ye l low ch ips  (poss ib ly  ye l lowcake)  were  obse: r red  in

samples  I j22  aud BZg.  Sample  84  conta ined 160 pc i /g  o f  Cs-137 '  o ther

samples  d id  no t  cou ta in  s ign i f i can t  leve ls  o f  cs -137 or  Th-232 '

The subconLract,or,s report  sgmnarizing ground-Penetrat ing radar survey

resuLts for property N'-North is provided in Appendix C' Scans'  performed

in  genera l  a reas  where  e leva ted  sur face  rad ia t ion  leve ls  were  no ted '

ident i f ied  ta rge ts  a t  0 .6  to  1 .0  n  deep.  s igna ls  ind ica te  some o f  these

Eargets  a te  meta l l i c  and suggest  the  Presence o f  sha l low bur ied  mater ia l

scattered throughout the areas '

Gamna scint iLlat ion measurements performed in boreholes

contaninat ion \ras l in i ted to the uPPer 15-30 cn of soiL'

da ta  was no t  used to  quant i f y  rad ionuc l ide  concent ra t ions  in

soi l  because of the varying rat ios of Ra-226, |J-235, v-23

Th-232 occur r ing  in  so i l s  f rom th is  s i te '

indicated that

Gamma -logging

the  subsur face

8 ,  C s - 1 3 7 ,  a n d



tab le  7  p resent ,s  the  rad ionuc l ide  concen l ra t ions  measured in  so i l

samples  f rom boreho les .  A lL  o f  these boreho les  \dere  a t  loca t ions  o f

sur face  contaminat ion  ident i f ied  by  the  wa lkover  scan or  in  the  v ic in i ty  o f

subsur face  ta lge ts  ind ica ted  by  ground-Penet ra t ing  radar '  A l though severa l

o f  the  subsur face  sampres  conta ined rad ionucL ide  concent ra t ions  s l igh t ly

above base l ine  1eve1s ,  none o f  the  concent ra t ions  exceeded gu ide l ine

l e v e l s  .

c o M P A R I s o N o F s U R v E Y R E S U L T S W I T H G U I D E L I N E S

The gu ide l ines  app l icab le  to  c leanup o f  the  o f f -s i te  p roper t ies  a t

NFSS are presented in Appendix B. The maximum exPosute rate at I  m above

the ground surface on ProPerty N'-North is 27 UR/h and the average is

11  UR/h .  These Leve ls  a re  weL l  be low the  50  UR/h  c r i te r ia  fo r  oPen laod

a r e a s .

Areas of surface contaninat ion, ident i f ied by the walkover scan'

contain Ra-226 concentrat ions in excess of 5 pCi/e'  Several  areas contain

U-23 I  leve1s  in  excess  o f  I  50  pc i /g ,  and one area  has  a  Cs-137

coucentrat ion above 80 pCi/g. Some of these areas are smal l  and isolated

and contaninat ion levels would sat isfy guidel ine cr i ter ia i f  averaged over

an area  o f  100 n2 .  There  are  th ree  la rger  a reas  conta iu ing  nu l t ip le

regions of contaminated soi l  and radionucl ide concentrat ions welL above the

gu ide l ine  concent ra t ions ;  averag ing  over  100 n2  wouLd no t  be  su f f i c ien t  to

reduce concent ra t ions  in  these areas  to  w i th in  the  appropr ia te  c r i te r ia '

Locat ions of areas exceeding guidel ine levels are sunnatLzed in Table 8 and

ind ica ted  on  F igure  7 .

c r i t e r i a .

No subsurface soi l  samples exceeded cleanup

SUMMARY

A comprehens ive  survey  o f  o f f -s i te

Fa l ls  S torage S i te  was conducted  dur ing

survey  inc luded sur face  rad ia t ion  scans '

p roper ty  N ' -Nor th  a t  the  N iagara

September  and October  1983 '  The

measurements  o f  d i rec t  rad ia t ion



l e v e l s ,  g r o u n d - p e n e t r a t i n g  r a d a r  s c a n s

rad ionuc l ide  concenEra t ions  in  sur face

b u r i e d  m a t e r i a l ,

s u b s u r f a c e  s o i l .

and ana lyses  o f

U-23 8 contaminat ion

are in the forrn of

reg ions  o f  genera l

exceed ing  gu ide l ine

contaminated  res idues  on  por t ions  o f

pose po ten t ia l  hea l th  r i sks .  There

rad ioac t ive  na ter ia ls  to  ad jacent

f o r

and

The survey ident i f ied areas of surface Ra-226 aod

exceed ing  gu idd l ines  fo r  unres t r i c ted  use .  These areas

smal l  i so la ted  p ieces  o f  mater ia l  and severa l  la rger

sur face  contaminat ion .  No subsur face  con!an ina t ion

l e v e l s  w a s  d e t e c t e d .

Although there

th is  p roper ty ,  the

is tro evidence of

p r o p e r t i e s .

are smal l  areas of

contaminants do not

nigrat ion of the
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TASLE

RADIONUCLIDE CON CENTRATION S

1-B

IN BASELINE I.IATER SAMSLES

Locat iona
Rad ionuc l ide  Concent ra t ioas  (pCi /1 )

Gross Alpba Gioss  Be ta

I{1
w2
W J

w4
t{5
1{5
w7

0.95
0 .95
0 .55
0 .63
0 .73
1 .87
I  .16

0 .55

!  o . g3  b
+  0 .94
+  0 .78
+  0 .89
!  0 .68
+  1 .84
!  0 .66

to  1 .87

4.79  +  l . l 5
g . I7  +  1 .31
2 .73  !  L .05
5 .37  +  L .L7

<0 .64
14 .3  !  2 .4

<0 .63

<0 .63  to  14 .3Rauge

a
b

Refer  to  F igure 5.
Errors are 2o based on couat ing s tat is t ics .
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TASLE 2

DIRECT RADIATION LEVELS MEASURED
AT 10 },I GRID INTERVATS

G r i d
Locat ion

N E

Gamma Exposure
R a t e s a t l n A b o v e

the  Sur face
( u R / h )

Gamma Exposure
Rates  a t  the

Sur face
( u R / h )

Beta-Garoma
Dose RaEes a t  I  cm
Above the Surface

(  u rad /h)

0 690
0  700
0  710
0 720
0  730
0 740
0  750
0  760
0  770
0  780
0  790
0 800
0 8r0
0 820
0  a0

10  700
10  710
r0  720
10  730
10  740
10  750
l0  760
10  770
10  780
10 7  90
10 800
r0  810
10 820
10 830
10 840

20 720
2A 730
20 740
20  750
20  760
20  770
20 780
20 790
20 800
20 810

8
10
11
L2
L2
13
L4
13
L2
L2
L2
L2

I
8
8

t0
10
10
11
13
L2
L2
13
L2
13
L2
L2
10

9
8

I
9

l l
11
11
L2
l z
12
l3
13

8
t0
l 0
10
11

28
2L
l9
24
44
31
44
60
48
38
35
49
2L
25
16

L4
15
13
13
11
L2
L2
10

8
9

9
9

10
10
13
L2
L4
L4
L2
L4
L2
L4
l0
10

7

13
L2
27
L2
L4
L2
L2

29
28
32
32
59
32
34
63
49
47
55
45
2 l
30

7

26
28
40
51
25

150
55
4L
25
43

10
9

l1

1 9



DIRECT
AT

TABLE 2 ,  con t .

RADIATION LEVELS I'IEASURED
10 M GRID INTERVATS

Gr id
Locat ion

Ganma Exposure
R a t e s a t l m A b o v e

the  Sur face
(  uR/h)

Garnma Exposure
Rates  a t  the

Sur face
( u R / h )

Beta-Gauma
Dose Rates  a t  I  cm

Above the Surface
(  u r a d / h )

20 820
20 a0
20 g|0
20 850
20  s0

30  740
30  750
30  760
30  770
30  780
30  7  90
30 800
30  810
30 820
30  830
30 840
30 850
30  860
30  870
30 880

40  750
40  760
40  770
40  780
40  790
40 800
40 810
40 820
40 830
40 840
40 850
40 860
40 870
40 880
40 890

50  770
50  780
50  790

L2
13
11

9
7

L2
L4
11

I
7

I
l 1
11
13
L2
L2
13
13
13
L2
L2
L2

9
7
9

10
t0
10
I I
L2
L4
L4
13
L2
13
L2
L2

9
9
8

8
10

9
L4
L2
L2
l3
13
L4
13
13
13

9
I

9

10
L2

8
L2
L4
18
13
t3
13
13
13
l3

9
9
7

8
10
L2

50
51
24
25
L7

8
27
l5
45
34
43
t+6
72
7L
53
4t
29
29
7

38

40
39
4L
46
4t

L20
47
35
50
39
44
47
25
28
7

15
2L
38

9
10
I2

20



DIRECT
AT

TABLE 2 ,  con t .

MDIATION LEVELS MEASURED
10 M GRID INTERVAI,S

G r i d
Locat iou

Ganma Exposure
R a t e s a t l n A b o v e

the  Sur face
(un /h)

Gamma Exposure
Rates  a t  the

Sur face
( u R / h )

Beta-Ganma
Dose Rates  a t  I  cm

Above the Surface
( u r a d / h )

50 800
50 810
50 820
50 830
50 840
50 850
50 860
50 870
50 880
50 890
50 900
50  910

60  790
60 800
60  810
50 820
60  a0
60 840
60 850
60  860
60  870
60 880
60 890
60 900
60  910
58 920

70 800
70  810
70 820
70  830
70 840
70  850
70  860
70  870
70 880
70 890
70 900
70  910
70 920

l 3
13
20
13
L2
L2
L4
L2
1I
10

8
9

L2
13
L4
13
L2
L2
13
L2
10

9
I
I

8
L2
2L
L2
l1
L2
l3
14
L2
L2
L4
1 t
L2

7

9
L2
L4
L2
L2
L2
13
13
L2
1 l
I 2
L2
l l

I

59
63

190
47
43
34
48
48
38
L7
24
32

28
25

110
62
58
31
57
64
38
3 l
52
33
26
28

9
9
9

L2
L2
L2
13
L2
L2
13
L2
13
L2

25
39
34
28
54
19
4L
56
23
29
40
29
43

9
9

l0
L2
T2
l2
L4
13
13
13
13
13
I2

2L



TABLE 2 .  con t .

DIRECT MDIATION LEVELS MEASURED
AT IO M GRID INTERVAIS

Grid
Locat ion

Gaoma Exposure
R a t e s a t l m A b o v e

the  Sur face
(  uR/h)

Garoma Exposure
Rates  a t  the

Sur face
(  u R / h )

Beta-Garnma
Dose Rates  a t  I  cm

Above the Surface
( u r a d / h )

70  930
70 940

7 8 810
80 820
80 a0
80 8/l0
80 850
80 s0
80 870
80 880
80 890
80 900
80 910
80 920
80 930
80 940
80 950
80 960

90 830
90 8/+0
90 850
90  s0
90 870
90 880
90 890
90 900
90 910
90 920
90 930
90 940
90 950
90 960
90 970
90 980

97 840
100 850
100 86 0
100 87 0

10
8

L2
7

43
L4

28
8

28
36
4L

200
130

52
4L
36
52
45
39
39

7
39

22
39
19
16

I
8
9

t0
l 0
I2
L2
13
13
11
I2
13
l0
10

8
8

19
34
26
13
28
42
4L
50
30
39
52
44
26
29
LZ
36

9
8
9
9

L2
L2
T2
13
l3
10
L2
t3

9
l0

8
l0

9
7
9

10
10
L7
22
L4
L2
L2
L4
L2
10

9
7
9

9
8
9

10

9
I
9

10
l0
13
L7
l3
L2
L2
l3
L2
10

9
7
9

I
8
9

10

22



TASLE 2 ,  con t .

DIRECT RADIATION LEVE,S MEASURED
AT IO M GRID INTERVALS

Gr id
Loca t i on-T---

Ganma Exposure
R a t e s a t l B A b o v e

the  Sur face
( p R / h )

Ganma Exposure
Rates  a t  the

Sur face
( u R / h )

Beta-Gaoma
Dose Rates  a t  I  cm

Above the Surface
(  u r a d / h )

100 880
100 890
100  900
100  910
100 920
100  930
100 940
100  950
100  960
100 97 0
100 9 80
100  990

110  860
110  870
110  880
110  890
110  900
110  910
110 920
110  930
110 940
110  950
1 r0  960
110  970
110  980
110  990
r10  1000
110  1010

L20 880
L20 890
120 900
L20 910
120 920
120  930
r20 940
L20 950
L20 960
120  97  0
L20 980

10
L2
13
13
L2
L2
13
L2

L2
13
L2
t3
13
L2

-L4
L2
10
10

9
7

3Z
33
49
57
44
38
47
39
L7
20
19
23

9
8
9
9

T2
L7
T4
L7
L4
13
13
10
10

9
7
9

9
9
9
7

I
I
9
9

L2
L4
L4
L4
L2
13
L2

9
9
9
7
8

8
8
9

l0
L4
13
L7
L4
18
L4
l2

9
8
9

1 I
16
L4
L7
18
l8
L4
t3

31
28
38
33
29
8l

110
86
52
63
32
4t
26
47

9
45

36
22
10
37
60
93

220
140
78
61
37

23



TABLE 2 ,  con t .

DIRECT RADIATION LEVELS MEASURED
AT 10 M GRID INTERVAIS

Gr id
Locat ion_T-E_

Ganrna Exposure
R a t e s a t l n A b o v e

the  Sur face
(un/n)

Gauma Exposure
Rates  a t  the

Sur face
(u n/h)

Beta-Gama
Dose Rates  a t  I  cm

Above the Surface
(u radlh)

120 990
i20  1000
r20  1010
120  1020
120  1030

130 900
130  910
130 920
130 930
130 940
130 950
130 !)60
130 97 0
130 980
130 990
r30 1000
130  1010
130  1020
130  1030
130 1040

140 910
140 920
140 93 0
140 940
140 950
140  %0
140 97 0
r40 980
140 990
140 1000
r40  1010
140 1020
r40 1030
140 1040
140 1050
r40 1060

I 50 930
r50 940

9
L2

9
6
I

8
9

l0
I2
L4
20
27
13
13
13
L2

9
9
I
7

9
10

8
7
7

I
9

10
L2
L4
l8
23
13
L2
L2
10

9
9
7
7

9
7

10
13
13
13
L4
2A
16
L2
11

9
9
8
7
9

9
l0

9
8

10
13
I4
13
L4
L4
L4
l2
10

9
10

9
7
9

8
9

23
32
26
6

31

l9
28
4t
42
47
84

L20
66
) )
40
4L
43
29
10
20

39
11
29
55
63
30
44
99
49
35
33
23
3 l
38
18
20

28
l6

z.+



TABLE 2 ,  con t , .

DIRECT MDIATION LEVELS MEASURED
AT 10 M GRID INTERVAIS

Gr id
Loca t i on

N--

Ganma Exposure
R a t e s a t l n A b o v e

the  Sur face
( u R / h )

Gauma Exposure
Rates  a t  the

Sur face
(u n/ir)

Beta-Gamma
Dose Rates at 1 cm

Above the Surface
( u  r a d l h )

I  50 950
150  960
r  50 970
I 50 980
1 50 990
150  1000
150  1010
150  1020
150  1030
150  1040
150  1050
150  1060
150  1070

160 940
160  950
150 | )60
160  970
160 980
160  990
160  1000
160  1010
160  1020
160  1030
160  1040
160  1050
160  1060
160  r070
160  1080

170  960
170  97  0
170  980
170  990
r70  1000
170  1010
170  1020
170  1030
170  1040
170  1050
r70  1060

13
L4
20
T4
l3
13

L4
16
20
L7
L4
t3
l 3
10
10

9
9
I
6

9
7

10
L7
L2
I7
I4
2A
L2
10

9
9
9
9
7

9
T2
L2
13
L7
L4
L7
13

57
77
74
t+6
53
49
37
36
30
23
26

I
15

l5
13
20
67
23
7L
56
69
43
20
26
39
26
15
I7

28
4L
35
36
47
45
80
73
23
24
18

l2
9
9
9
8
7
6

9
I

10
16
L4
16
t4
L7
11

I
9
9
9
I
7

l 0
I
9

9
I2
L2
l3
L7
L4
16
L2
10

I
I

25



TABLE 2 ,  con t .

DIRECT RADIATION LEVELS MEASURED
AT 10 M GRID INTERVAIS

G r i d
Locat ion

N--

Gamma Exposure
R a t e s a t l m A b o v e

the  Sur face
( u R / h )

Gamma Exposure
Rates  aL  the

Sur face
( u R / h )

Beta-Gaama
Dose Rates  a t  I  cm

Above the Surface
(u  rad /h  )

170  1070
170  i 080
170  1090

180 980
I 80 990
I 80 1000
r  80  1010
I  80 1020
I  80 1030
1 80 1040
I  80 1050
I  80 1060
I  80  1070
r  80 1080
I  80 1090

I  90  1000
r  90  1010
190  1020
190  1030
I 90 1040
I  90  1050
r90  1060
r90  1070
190  1080

200  1010
200  1020
200  1030
200 1040
200  1050
200  1060
200  1070

210  1060
210  1070

220 L060

8
7
9

24
13
40

15
27
2L
25
56
77
43
4t
26
33
L2
32

L4
25
23
13
77
51
54
34
22

I
7
9

8
10
l0

8
I2
l 3
L4
T2

9
9
8
8

7
t0

9
9

L2
l3
L4
l2

8

7
10
10
10
L4
L2
13
L2

9
9
7
I

7
L2

9
9

13
L4
15
L2

9

I
7
9
9
9

I3
11

9
8

8
7
9
9
9

L4
L2

L7
11
43
33
10
57
2L

33
33

23

9
I

26

10
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TABLE 6

?4,-226 ACTIVITY IN SAMPLES FROM
LOCATIONS OF ELEVATED DIRECT MDIATION LEVELS

Sauple Gr id  Locat ion Nature of SanpLe Ra-226
(uc i )

I

B1
B2
B3
B58
B6
B l l
813
819
B20
830

20  770
26  779
28  772
40 801
40 810
45 809
53 797
86 885
90 880

L27 94I

I {h i te  Ch ips
i l I t

l l  l l

t f  l l

l l l l

t t  l l

n l l

l f  l l

| | l l

n l l

0 .14
1 .42
4 .2 t
0 .49
0 .26
0 .13
0 .97
0 .25
0 .57
0 .59
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APPENDIX A

Ins t ruuenta t ion  and Ana ly t i ca l  Procedures

Ganma Sc in t i lLa t ion  Measurement

I , Ialkover surface scans and measurements of gauma exposure rates were

per fo rmed us ing  Eber l ine  Mode l  PRM-6 por tab le  ra temeters  w i th  V ic to reen

l " lode l  489-55 ganma sc in t i l l a t ion  probes  coata in ing  3 .2  cm x  3 .8  cm NaI (TL)

sc in t i l l a t ion  c rys ta ls .  Count  ra tes  l re re  conver ted  to  exPosure  ra tes

(UR/h)  us ing  fac to rs  de te :mined by  compar ing  the  resPonse o f  the

sc in t i l l a t ion  de tec tor  w i th  tha t  o f  a  Reuter  S tokes  rnode l  RSS- I11

pressur ized  ion iza t iou  chanber  a t  severa l  loca t ions  on  the  NFSS aad

o f f - s i t e  p r o p e r t i e s .

Beta-Garn' 'na Dose Rate Measurements

Measurenents  l re re  per fo rmed us ing  EberL ine  "Rasca l r t t  ModeL PRS- I '

portable scaler/rateneters with Model EP-260 thin-window, pancake G-M' beta

probes .  Dose ra tes  (p rad /h)  were  de temined by  compar ison o f  the  response

of a Victoreen Model 440 ionizat ion chamber survey Betet to that of  the G-M

p r o b e s .

Boreho le  Loso ine

Borehole ganma radiat ion measulements were performed using a Victoreen

Model 489-55 ganma scint i l lat ion probe, connected to a Ludlum Model 2200

por tab le  sca le r .  The sc in t i l l a t ion  probe was sh ie lded by  a  L .25  cE th ick

lead shield with four 2.5 cn x 7 nm holes evenly spaced around the region

of  the  sc in t i l l a t ion  c rys ta l .  The probe was lowered in to  each ho le  us ing  a

tr ipod holder with a smaLl winch. Measurements l rere performed at 15-30 cn

in te rva ls  in  a l l  ho les .  The logg ing  da ta  were  used to  ident i f y  reg ions  o f

poss ib le  res idues  and gu ide  the  se lec t ion  o f  subsur face  so i l  sampl ing

locat ions. Due Eo the varying rat ios of.  Ra-226, lJ '235, U-238, th-232' and

Cs-137,  there  nas  no  a t tenpt  to  es t imate  so i l  rad ionuc l ide  concent ra t ions

d i rec t l y  f rom the  logg ing  resu l ts .
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Soi l  Sarap le  Ana lvs is

Gamma Spectrometry

So i l  samples  \ {e re  d r ied ,  mixed,  and a  por t ion  p laced iu  a  0 .5  I

Mar ine l l i  beaker .  The quant i t y  p laced in  each beaker  was chosen to

reproduce the  ca l ib ra ted  count ing  geomet ry  and ranged f rom 500 to  860 g  o f

so i l .  Net  so iL  we igh ts  l re re  de termined and the  samples  counted  us ing

in t r ins ic  german ium and Ge(L i )  de tec tors  coup led  to  a  Nuc lear  Data  Mode l

ND-680 pu lse  he igh t  ana lyzer  sys tem.  Background and Compton s t r ipp ing ,

peak  search ,  peak  ident i f i ca t ion ,  aud concent ra t ion  ca lcu la t ions  l re re

performed using the computer capabi l i t ies inherent in the araLyzer system.

Energy peaks used for dete:ni inat iol  of  radionucl ides of concern were:

Ra-226

u-235
u-23 8
Th-232

Cs-137

0.609 MeV f rom Bi -214 (corrected for  equi l ibr ium condi t ions)

0 .143  MeV

0.094 MeV f rom Th-234 (secular  equi l ibr ium assumed)

0.911 MeV from Ac-228 (secular equil ibrium assr:med)

0 .662  MeV

Cal ib ra t ion  and Qua l i t v  Assurance

With the except ioa of the exposure and dose rate conversion factors

for portable survey ganma and beta-ganma melers, al l  survey and laboratory

ins t ruments  \ re re  ca l ib ra ted  w i th  NBS- t raceab le  s tandards .  The ca l ib ra t ion

procedures  fo r  t ,hese por tab le  ins t ruments  a re  descr ibed above.

Qua l i t y  con t ro l  p rocedures  ou  a l l  ins t ruments  inc luded da i l y

background and check-source measurements to conf irm equipment performance

I ras  w i th in  acceptab le  s ta t i s t i ca l  f  luc tua t ions .  The ORAU labora tory

par t i c ipa tes  in  Ehe EPA Qua l i t y  Assurance Program.
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APPENDIX B

SIIMMARY OF RADIATION GUIDELINES
APPLICAsLE TO OFF-SITE PROPERTIES AT fiIE NIAGAM FAITS STORAGE SITE



Presented here are the res idual  contat r lnaElon c leanup and uaste contro l

c r i t e r i ao fgene ra lapp l l cab l l l t y t o theFUsRAPpro jec tand reoo teSFHP
s i t es !  .

I f i th  the excePt ion of  l iu i ts  for  rad iun-226,  the so l1 res idual  contauinat loa

cr i ter ia  were developed on the basls  of  l lo i r lng maxiouo lnd iv idual  rad lat ion

exposure to  DOE l1u l is  speel f led 1n DOE Order  5480'1A exc lus lve of  exPosure

froo natural background radiatlon or uedical proeedures' -I t te aggregate of the

contribution frou al l  uaJor Path$ays, based on scenarlos for petmaneEt

in t rus ion ,  € .g .1  es tab l l sh lng  res ldences  on  the  61 te '  has  been  assumed '  I n

trost circr.:astances, the probabfl l ty 1s low that such an lniruslon wllf  occu!'

Also, conservatlve assrrBPtiorr" r"t" used in derivi 'ng these crlterla to ensure

that  a  par t icu lar  dose l ia l t  would not  be exceeded'  Use of  these cr i ter la  ls

addi t ional l l '  conservat ive because the pathuays conslder :d 1"  the der lvat lon of

the cr i ter ia  assune a l l  Eater  io take and nost  food in take ls  f rors  the s l te '

A lso,  the s l tes of ten have l la1ted agr icu l tura l  capabl l l ty  and the

contaainat lon ls  genera l ly  not  hooogeneous.  The cooblned ef fect  o f  these

factors 1s such that  the probable radlat ion exPosule to  the average populat loa

oor  or  Ln the v ic ln l ty  o f ,  FUSRAP s i tes decontaoinated to  these cr lcer la  l ln l ts

wil l  not be appreclably different froo that normally recelved froo natural

background radiatlon.

The res ldual  contaatnat lon Cr l ter ia  for  sur faqe cont€rn lnat lon of  s t ructures

were developed frou a propo""- AISI sta"dardl/ nodlf led as aPProprlaCe to be

coosisteat rr l th DOE order 5480.lA end the speclf lc needs of FUSRAP for

cost-effectlve, workable guidelines shlch provlde an adeguate Eafety uargln'

The waste coaErol crl terla are conSlstent wlth appllcable-DOE Orders and EPAre

regu la t l ons fo r l nac t t veu ran l r r nu l l l i ngs i t es ,40cFR l92 .

! / ^  t "oore  SFXP s i te  1s  one tha t  l s  excess  to  DOE Prograr ' lna t ic  needs  and is

.  l o c a t e d  o u t s i d e  a  n a j o r  o P e r a t l n g  D O E  R & D  o r  p r o d u c t l o n  a r e a '  R e E o t e  s l t e s

are  Eore  l t ke ly  to  be  re leased t i  the  pub l ic  o r  excessed to  o ther  governDent

agenc les  a f te r  decontaminat ion  than are  s i tes  loca ted  w l th  oa jo r  R&D or

p r o d u c r l o n  a r e a s .

3 / * , t f  l i 1 3 . l 2  ( p r o p o s e d )  - -  a n  a d a p t a t l o n  t o  b e  a p p l l e d '  a s  a P P r o p r J a t e '

U. S. DEPARTXEIiT OF E}€RGY

R.ESI DtiAL Co!;T-dqI IiATI 0:r Ary-!4qTE CO}iTROL CRITEP.IA

FOR

FOP.I€RLY UTILrZED SITES REIIII4L ACTlON PROGRAII (TUSRff

AND

RE}'ICTE SURPLUS
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A. R.ESIDL:AL COlirAyINATlOti CRITEP.LA FOp. FOpJ€RliY UTTLIZED SITIS AD p'ElloTE
- . .

The fo l low1ng c r l te r la  rePresen l  the  aax louo tes ldua l  con tan ina t lon  l i t r l t s

f o r  u n r e s t r i c t e d  u s e  o f  l a n d  a n d  6 t l u c t u l e s  c o n t a o l n a t e d  w l t h  r a d 1 0 n u c 1 1 d e s

re la ted  to  the  nuc lear  fue l  cyc le  a t  FUSRAP aad reoote  SFMP s l tes '  1 t  l s

the  po l l cy  o f  DOE to  decootaE ina te  s l tes  lo  contao loa t ' lon  1eve1s  e t  o r

be l0s  the  l in l t s  and ln  a  t ranner  cons ls ten t  w l lh  DoErs

ss- l ,es -as- is - reasonab ly -ac f r ieva i fe  
(A I .1a ,3 .11)  po l tcy '  Res ldua l  con tar lna t lon

l1n i ts  fo r  gqher  nuc l1 'des  w111 be  deve loped when requ l red  us lng  the  Eaoe

; ; ; ; l " i "g+'  as eas used for those rePresented here'

l .  So11  (Land

soll crl t"t?/ '21 '!l
(pCl lg above background)

75
r50
150
t5

5 gcL/e' averaged over the

f i rs t  15 co of  so l1 below
the sur facel  15 PCi lg  when

averaged over 15 co thlck
soll  laYers trore than 15 co

belor  the sur face anC less

than l .5 tn below the sur face '

u-ng
Pa-231
Ae227

':?l-232

l , r24 lAl
Pu-241:'
Pu-238 , 239, ?40
Cs- l  37
Sr-9C
t l -3  (pCi /a l  so i l

140
40

190

t5

20
800
100
80

I00
5 ,200

Radionucl lde

3 l
U-l{atural='
- .  ^ ^ ^ O /
U - / 5 e ,
v-23P:,
Th-23C9/
?a-226

mois ture  )

lO. r " r tbed tn  ORO-831 and ORO-832'

2!U the event of occurrence of ml'xtures of

f ract lon cootr ibuted by each radionucl ide

deter :a ined,  and t 'he sun of  these f ract ions

are two special cases for whlch this rule

r a d i o n u c l i d e s ,  t h e

t o  l t s  l i o l t  s h a l l  b e

sha1 l  no t  exceed l  '  There

m u s t  b e  o o d i f i e d :
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( a ) I f ?a -226 l sp resen t , t heu the f rac t l on fo r?a -226shou ldno tbe
inc l uded ln thesu t r ' l f t heRa-226concen t ra t l on l s l ess thano r
equa l t o theTh -23oconcen t ra t l on . l f t heRa-226concen t ra t l on
exceeds theTh -230concen t ra t l on , . t hen thesuosha l l be
eva lua tedby rep lac l ng thePa -226concen t ra t l oaby the
d l f f e rencebe tueen theRa-226andTh .23oconcen t ra t1ons .

(b ) l f 'Ac -22T i sp resen t , t hen thesaoe ru leg l ven tn (a ) f , o tRa -226
re lar lve ro Th-230 

"ppt i .s  
for  Ac-227 re lat lve to  Pa-231.

a l
3 'Excep t  f o r  Ra-226 ,  t hese  c r l t e r l a  rePresen t  un res t r l c ted -use

res iduaL concentrat i ,ons auo.re backgr tund averaged acro2s any 15 co

th lck layer  to  any depth and over  any cont iguous 100-o--eur fac€ 8 l '€Elo

The saoe condl t , ions preval l  for  Ra-2 iO t* " t l t '  for  so l '1  layers beneath

l . 5u ;benea t ' b l . 5o , t hea l l o r . . ab leRa -226concen t raB lonoaybe
a f f eccedbys l t e - spec l f l c coad i t l onsandmus tbeeva l r : a ted
accordi.ng1Y.

l / to" r t tzed concentrat lons ln  excess o[  these l lo l ts  are a l losable

prov ided that  the average over  100 at  ls  not  exceeded'

l /e 
"rrr:.e 

of natural uranlue Eeans the sr 'ro of 3'7 t fOl!

c ls ln tegrar ions per  secoqa i i i " / " )  f roo-U- i ra-pr t 's  3 '7  x  to lO at " /s

f roo u-Z3h p i ; ;  i .7  x  lO 'a i "7" ' i ro .  U-235.  One cur le  o f  natura l

uranluo r ,  
"qr r i " " i " r , i  

ao 3,000 k l lograns or  6 ,600 pounds of  natura l

uranirr.

! , /orsutres no other uraniue lsotopes are prese1t.

Zlm. fh-230 guldeline ls 15 pCl/g to account for ingrowth of Ra-?28

as Thr-230 d;;; t ; .  pa-226 ls a l iolr lng radlonucllde because 1ts

decaY Product ls Ra-222 gas'

9/rn" pu-241 crlrerlon was derived froo the An-241 concentratlou'

2. Stnrc tu re  Cr l te r la  (Hax laun L in l ts  fo r  Unres t r l c ted  Use

b . Indoor  Ganc,a  Rad ia t ioq

T h e l n d o o r E a l ! t r a r a d i a t l o n a f t e r d e c o n t a n i n a t l o n s h a l l n o c e x c e e d
20 o ic roroentge l  p . i - i " " t  (20  ;R/h)  above background '

E .  Indoor  Radon Deca: -  Produc ts

A s i rucrure  roca ted  on  pr iva te  p roper t ) '  and  in tended fo r

u a r e s t r l c t e d u s e s h a l l b e s u b j e c t t o r e n e d i a f a c t l o n a s n e c e s s a r y
tc  ensure  the  annua l  

" . , r " t .g " - io r rcent ra t ion  
o f  radcn decay  Produc ts

is  less  than 0 .03  WL - l . i th in  the  s t ruc tu le '
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C . I ndoo r /0u tdoo r  S t ruc tu re S u r f a c e  C o n t a a l n a t l o n

AlJosable Sur face I  t
Resldual  Contat r lnat lorF '

(dpo /100  coa \

Radl  onuc l ldes

G r o u p  l :

Radionucl ides for r . rhlch the

uncont ro l led  area  concent ra t lg t7

eu ide  lc -a j ' r  a love  backgroun<F '  1s

I  x  lo - t r  c i /o '  o r  less  or  fo r
uhich the uncontrol led area con-
cenr,rat lonrgulde 1n t ' :gtr_?!o3.
backgroundS' ls 2 x lo Clln-
or  less;  lnc ludes Pa-231,  th-228 '
Th-230 ' Ac-227, Ra'226, Ra-228, and
Pb-z10 .

Group 2:

Radlonucl ldes not  ln  GrouP I  for
r lhlch the uncontrol led area con-
centraEion gulde ln . ,9 i r  abqve back-
grounda/  1s I  x  l0  

' -  c i /o-  or  less
or for shlch the uncontrol led area
concentrat{gn gulde ln-r 'ater qbove
;;;;;;;;&/ i I x lo-o cllur or
Less; includes lJ-232, U-238, frt-232,
Ra-223, aad Po-210.

Group 3:

Those radlonuclides not 1n GrouP
I or GrouP 2; lncludes U-234,
tr-235, and Ra-224
and al l  other beta-ga'" 'r 'a emitters'

Tota l Reoovable

100 20

I ,000 200

5 ,000 I ,000

I / fU" levels oay be averageC ove5 I  o2 provlded the oaxiorn

acr lv t ty  fo  any  area  o f  100 co '  l s  less  than 3  t l ces  the  l lo i t

va lue ;  dPa -  d is in tegra t ions  per  o inu te '  In  the  event  o f

occur tence o f  o lx tu res  o f  rad ionuc l ldes ,  the  f rac t ion  cont r ibu ted

by  each rad lonuc l lde  to  i t s  l io i t  sha l l  be  de termined,  and the

sun o f  these f rac t lons  sha l l  noE exceed l '

, t
4/G1*r.r ,  in Aitachnent I  to Chapter XI,  Table I I ,  Do'E Order

5 4 8 0 . 1 A .
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B. CO}JTROL OF RADIOACTI\E ;"ASTES AID P€SIDI'ES FRO!{ FUSPdP A}lD REyCTEjn{!
S l T E S

Spec l f i ed  he re  a re  the  con t ro l
L 'as tes  and  res ldues  re laged  to
SFMP s l tes .

l .  I n t e r l u  S to rage

A11 operat lonal  and contro l
Orders shal l  apply :

requ l re t ren ts  Lc r l t e r l a )
the  nuc lea r  f ue l  cYc le

fo r  raC loac t l ve
at FUSMP end reoote

requl reoents specl f led 1n the fo l low1ng DOE

a.  5480 .1A ,  Env i ronoen ta l  P ro tec t l on ,  Sa fe ty ,  and  Hea l th  P ro tec t i on
Frograo for  DOE Operat ions.

5480.2,  Hazardous and Radloact lve l t ixed l faste Manageoent .

5483.1,  OccupatS.onal  Safety  and Heal lh  Prograo for  Governoent-Osned
Contractor-Operated Facl l1 t ies.

5484.1,  Envl . ronoenta l  Protect lon,  Safety ,  and HealCh Protect loa
Inforaat lon Repor t lng Requl reoents.

5484.2,  Unusual  Occurrence Repor t ing Systea.

Con t ro l  and  s tab i l i za t i on  fea tu res  w111  be  des igned  to  ensu re '  Eo

the extent  reasonabl l '  achievable,  an ef fect lve l1 fe of  50 years '

and in  any case,  a t  least  25 Years.

Rn-222 concentratlons ln the aCoosphere above facl l i ty surfaces or

openlngs shal l  not  ( l )  exceed 100 pc l /1  at .  any g lven polut '  or  an

average concenErat lon of  30 pCl / l  for  the fac l l l ty  s l te ,  or  (2)

exceed an average ?a-222 concentratlon at or above any locatloo
outs lde tbe fac l l l ty  s l te  of  3 .0 pCl / l  (above backgrouud) .

h.  For  r . 'a te r  Pro tec t lon ,  use  ex ls t ing  Eta te  and federa l  s tandardS;

apPly  s l te -spec l f l c  oeasures  uhere  needed '

2. Long-Teru l {anagenent

B.  A l1  opera t iona l  requ l reuents  spec l f led  fo r  In te r in  S torage

F a c i l i t i e s  ( B . t )  w i l l  a p p l ) ' .

b .  C o n t r o i  a n d  s t a b l l . l z a t i o n  f  e a t u r e s  r ^ ' i l 1  b e  d e s i g n e d  t o  e n s u r e  t o

t h e  e x r e n r  r e a s o n a b l y  a c h i e s a b l e ,  a n  e f f e c l l v e  l i f e  o f  1 , 0 0 0  y e a r s

a n d ,  i n  a n y  c a s e ,  a t  l e a s t  2 0 0  y e a r s .  o t h e r  d i s p o s a l  - s i t e  d e s i g n

fea tures  sha l l  con foru  w l th  40  CFR Par t  192 per fo r lDance

gu I  de l i  nes /  requ i resents  .

b .

C .

d .

€ .

€

g .
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C .

d .

Rn-222  esana t lon  to  the  a l t osphere  f roE  fac l l l t y  su r face6^Or

open lgg  sha l l  no t  (1 )  excee t i  t i - a "e rage  re lease  ra te  o f '  20

; l i7 ; t7r ,  or  (Z j - ro" i " " re  the annual  average R'n-222 concentrat lon

at  or  ebove aDy locar lon ours la"  i t , " - fac l I i ty  s l te  by Eore than 0 '5

pC l / 1 .

Fo t  ua te r  P ro tec t l on '  use  ex l s t l ng  6 ta te .and  fede ra l  s tandards ;

apply  s l te-sPecl f lc  ueasures where needed'

P r i o r t op laceuen to faoy .Po ten t l a l l yb i odeg radab lecoo tao lna ted
r. 'astes 1n a Long-Teru Hanageoent Facll i ty '  such uastes vl '1l be

proper ly  condl i ior , .a  to  (1)  
"o" t " "  

t 'hat  the g" : : t : :1 : : - : : :  escaPe

of  b iogenic  gases u111 aot  . " " r "  the cr l ter t i  tn  ParagraPh 2 'c '  to

be exceeded,  and Q) ensure a i " i  U iodegradat ion wi th io  the fac i l l ty

v i11 noC resul t  1n preoatur"  .a t r r " tura l  fa l lure Dot  ln  accordaace

si th  the cr i te i l "  r "  paragraph 2.b. .  I f  b lodegradable l tastes are

condl t loned by lnc inerat lon,  lnc lnerat lon operat lons w111 be

carrled out 1o coopllance tft , i  
" i1 

appllcable federal, 6tate' aad

local air 
'eoissioo' standards and requlretrents '  1nclud1ng--l"y

standards for  rad ionucl ides establ i ihed pursuant  to  40 cFR Par t  61 '

l iat10na1 EaLssl0n standards for Bazardou! l ir  Pollutants (NESP'APS) '

€ o

C. . EXCEPTIONS

D. CRITERIA SoURC!

Crl ter la

l ' .  Procedure - -  Analys ls  of  s l te-speel f lc  condl t ions '

2 .  Appl icabl I l ty  - -  L t rere heal th  and safety  would be endangered ' '  or

where cost Aearly outweighs benefits'

Resldual  Concaolnat ion Crl ter lJ/

Source

DOE Order  5480.  lA
40 CFR Part 192

Soi l  Cr l ter la

Scructure Cr i ter ia

C o n t r o l  o f  R a d i o a c t i v e  W a s t e s a n d  R e s l d u e s

Incer lo  Storage
Long-Terrn Manageaent

DoE Order  5480.) | '
40 CFR Part f92-

40 CFR, Part l9Z,
p roposed  A I |S I  N13 '12 '
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Excep t  i  ons

Procedure
App l l  cab i l l tY

40 CFR Part 192
/r0 CFR Part 192

'  l / f i , "  bases of  the res ldual  conta.o lnat lon cr l ter la  are developed 1a

.ORO-831 as suppletrented and 0RO-832'

3/A"r"a on l inlt lng the concentratlon of radon-222 decay Products to

0.03 I {L  l r l  th in  s  t ructures .
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DETECTION SCIENCES CROUP

INTRODUCTION AND SUMMARY

0n 0ctober I  I  -  . |4 
and 0ctober 17 ,  I  983, Detect ' ion Sc' iences Group perf  ormed a

ground-penetrat ing radar survey of  Property N-N'  North at  the former Lake
Ontar io Ordnance f , lorks,  Lewi ston, New York .  The survey was perf  ormed ' in

accordance w i  th  Oak R i  dge '  Assoc i  a ted  Un i  vers ' i  t i  es ,  I  nc .  Purchase Order  No.
C-29932-008,  Le t te r  Re le ise  No.  8 ,  da ted  0c tober  l l ,  1983.  The survey  work
was conducted under the f  i  e l  d di  rect ' i  on and ' i  nstruct ' i  ons of  0.  R. A. U.
personne l .

0n  0c tober  l l  and  12 ,  fou r  g r id -su rveys  were  made in  Area  N-N 'Nor th .  The
f i rst  area to be surveyed ran from l0N to 7ZN, cover i  ng 5 meter interval  s
from 77AE to 8. l0E. The- resul  ts of  th i  s gr i  d survey are I ' i  s ted ' in Tabl  e I  ,
and are  i  I  lus t ra ted  in  F igure  

' l  
.

The second area to be surveyed ran from 74N to 
. l26N, 

cover ing_ 5 meter
in te rva ls  f rom 870E to  890E.  fne  resu l t s  o f  th i s  g r id  su rvey  a re  I i s ted ' in
Tab le  I I ,  and 'a re ' i l l us t ra ted  in  F igure  2 .

The third area to be surveyed ran from l05N to 
. l54N, 

cover ing 5 meter
in te rva ls  f rom 92OE to  960E.  The  resu l t s  o f  th i s  g r id  su rvey  a re  l i s ted  in
Tab le  I I I ,  and  a re  i l l us t ra ted  in  F igure  3 .

The fourth area to be surveyed ran from l53N to 
. |90N, 

cover ing 5 meter
i  nterval  s f rom 

'1000E 
to 

. |020E. 
The resul  ts of  th ' i  s  gr i  d survey are I ' i  s ted i  n

Tab le  iV ,  and are  i  I  lus t ra ted  ' in  F igure  4 .

W' i th the except ion of  Figure 4,  i t  w' i l  I  be noted that the radar anomal ies
tend to  be  c lus te red  a lo ig  an  or ien ta t ion  tha t  i s  para ' |1e1 to  the  ra i l road
tracks ,  and para' l  ' le1 

to the associ  ated access roads al  ong the tracks.  Thi  s
i s  par t i cu la r l y  ev ' i den t  in  F igures  I  and  2 .  Th is  radar  ev idence ' ind ica tes
tha t  the  fo rmer  use  o f  the  s i te  was c lose ly  l inked to  the  ex ' i s tence o f  the
ra i  I  road .

0n  0c tober  
'13 ,  

l4  and 17 ,  
' |983 ,  

a  to ta l  o f  I  I  sys temat ic  bor ings  were
i  nspected on Property N-N'  North.  (Th' is procedure has been descr i  bed ' in

det 'a i  I  i  n the Fi  nal  Report  on Property G, dated August,  I983, and w' i  I  I  not
be ' i te ra ted  here . )  Po ten t ' i a l  d r i l l i ng  obs tac les  were  found  a t  2  o f  the  l l
l oca t ions .  The  p roposed  loca t ions  fo r  the  l l  bo r ings  and  the  f ina l  l oca t ions
o f  the  bor ings  a re  l i s ted  in  Tab le  V .

The des ignat ions  o f  the  bor ings ,  N1 th rough N l l  fo r  the  sys temat ic  bor ings ,
are des' ignat ' ions assigned by Dbtect ion Sciences Group in accordance with the
sequence-  in  wh ' i ch  the  bor ings  were  inspec ted ,  and are  no t  des ignat ions
ass ' igned  by  0 .R .A .U.

A  separa te  b ind ing ,  t i t l ed  "Radar  Graph ic  Char ts ,  A rea  N-N 'Nor th ,  Sys temat ' i c
Bor ings" ,  con ta in i  a l l  o f  the  radar  char ts  o f  bor ings  inspec ted  in  Area N-N '
Northl The proposed I ocati on f or the bori ng i s the ce_nt-erpoi nt of_ each
char t ,  shown '  by  a  pa ' i r  o f  ver t ' i ca l  dashed l  i  nes .  The f  i  na l  l  oca t i  on  o f  each
bor ing  is  shown by ' the  ar row a t  the  top  o f  each char t .  The ver t ' i ca l  sca le
fo r  a t t  o f  the  bor ing  ' inspec t ion  char ts  i s  I  inch  =  I  foo t .  A  separa te
b ind ing  t ' i t l ed  "Radar  

-Graph ic  
Char ts ,  Area  N-N '  Nor th ,  Gr id  Surveys"  shows

the  ve l t i ca l  p ro f i l es  and  the  anomal ies  a long  each  g r id  l i ne .  The  ver t i ca l
sca le  o f  these char ts  ' i s  l "  =  2  fee t .
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TABLE I

GRID SURVEY ANOI' IALLIES

AREA N-N' NORTH

Char t  Radar  Locat i  on  Depth
Number  L ine  (Meters )  (Cm.  )  Comments

I  nae loN to r3N o '  Eo'  wet Area
35N to  40N 0 '  to  5 .5 '  Het  Satura ted  Area

2 775E 32N to  4 ]N 0 '  to  4 .0 '  l . le t  Area

5't  .5N Metal

SlN to  54.5N 0 '  to  3 ;0 '  t le t  Area
3 780E 36N to 38N 0' to 4.5'  }{et Depressed Area
4 785E 38N to  43N 3.5 '  Bur ied Mater ia l

48 .  5N to 5 ' l  N 3 .  0 '  Bur i  ed Mater i  a l

5 790E 42N to 47N
6 795E 44N to 47N

7 800E 29N to  3 ]N

38N

47N to  52N

52N to 53.5N 3.5 '  Bur ied Crushed Meta l

3.5 '  F i ' l ' l ed  P i t  w / Ion ic  Mate r ia ' l

3 .  0 '  I  on' i  c Mater i  a l

3.0 '  Ion ic  Mater ia l

2 .5 '  P ' ipe

2.0 '  Ion ic  Mater ia l
8 805E 51 N to 53N 3 .  0 '  Bur i  ed Mater i  a ' l

9 8l0E 35N to 38N 0'  to 6 '  'v{et  Area

44N 2.3 '  Bur ied  Crushed Meta l

48N 2 .3 '  Bur ied  Ob jec t

53N to  56N 2 .0 '  Ion ic  Mate r ia l
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C hart
Number

Radar
L i  ne

870E
' 10

875N

880E

' t3 885E

890E

Locat i  on
( Meters )

8 iN to  82 .N

92N

94N

85N to  86N

84N to 94N

87N to 88N

85N to  86N

89N to 90N

91N

93N to  ]00N

93.  5N

85.  5N

83N
'l ' l3N 

to 
' l  
1 5N

99N

I 01 .5N to 
' l  
04N

TABLE II

GRID SURVEY ANOMALLIES

AREA N-N' NORTH

Depth
(Cm.  )
2 .3 ' ,
? .0 '
3 .0 '
3 .0 '

2.s' .
3.  5 '
4 .5 '
3 .0 '

3 .0 '
3 .0 '
2.s' .
3.  5 '
3 .8 '

Comments

Buried Crushed Metal

Bur ied  Ob jec ts

Bur ied 0bjects

Bur ied  0b jec t

l,Jet Saturated Area

Buried Crushed Metal

Crushed Meta' l

Crushed Meta' l

Metal  Object

l,, let Saturated Area

Buried Object

Bur ied  Ob jec t

Bur ied Object

Crushed Metal

Bur ied  0b jec t

Bur ied Mater i  a l

' t1

12

t4
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Figure 2. AREA l{/N' North RADAR AN0MALIES
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TABLE I I I

GRID SURVEY ANOI' IALLIES

AREA N-N '  NORTH

l5

t5

Char t
Number

Radar
L i  ne

920E

925E

930E

950E
955E
960E

Depth
(Cm.  )
3 .  7 '
2 .0 '
2 .? ' ,
3  .0 '
3 .3 '
2.z' ,
?.0 '
2 .5 '
2  E l

3 .0 '

Loc at' i  on
( Meters )

' 121  
.5N

' l  
25N to  127N

121N to  l22N
'124N

' l  
27N to 

'129N

I  33N to  .134N
I  39 .5N
'145N

I 36N to I  37N

1 33N to  I  35N

Comments
P' ipe

Buri  ed Mater i  a ' l

Buri ed Materi a' l

Bur i  ed  Ob jec t

Bur i  ed Debr i  s

Bur i  ed Debr i  s

Bur i  ed  0b jec t

Buri ed Debri s

Bur ied Debr i  s

Ioni  c Mater i  a l

17

?1
22
?3
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APPENDIX C

REPORT OF GROUND-PENETRATING RADAR SURVST
OF OFF-SITE PROPERTY N,-NORIB AT IIIE

NIAGARA FALLS STORAGE SITE
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I

FII{AL REPORT

6ROUND-PENETRATING RADAR SURVEY

AREA N.N' NORTH

FORMER LAKE ONTARIO ORDNANCE I.IORKS

LEIIISToN, NE}J Y0RK
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TABLE IV

GRID SURVEY ANOMALLIES

AREA N-N' NORTH

C har t
Number

24
25
?6

Radar
L i  ne

1 000E
1 005E
t0t0E

Depth
(Cm.  )
3 .0 'Ave.

2 .7 ' .
2.s' ,
I  .5 '

Bur i  ed

Bur i  ed

Crushed

Fi ' l  l  ed

Loc at i  on
(Meters)

'164N 
to  I  67N

I  6 ]  N to  I  62.5N
't  
76. 5N

' l  79N to '181 N

Cornments
Mater i  a ' l

Mater i  a ' l

Meta l

Excavat ' ion
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Figure 4.  AREA N/N' North RADARANOMAL
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TABLE V

BORING LOCATIONS DETERMINED BY RADAR

AREA N.N'  NORTH .  SYSTEMATIC BORINGS

Bor i  ng
Number

NI

N2

N3

N4

N5

N6

N7

N8

N9

Nl0

N l l

D i rec t ion  o f
Re I  ocat i  on

Move 3m North

Move lm East

Proposed
Locati  on

0N,  l0 l  E

0N, 480E
0N, 820E

0N, I  300E
I 40N, I  540E
300N, . |825E

420N, . |000E
,l80N, . l080E

280N, 420E
334N, I  380E
240N,  l05E

F ' ina l
Locat i  on

0N,  l0 l  E

0N, 480E

3N,  g20E

0N,  
. |30 ' lE

. l40N, . |540E

300N, 
. |825E

420N, . |000E
. |80N, . |080E

280N, 420E

334N, I  380E

240N,  l05E


